Left-hemiparetic patients show predominant
patients were either adapted to prisms deviating the evaluation was performed in 15 left-hemiparetic patients visual field to the right or left or exposed to neutral with focal right-brain damage (Table 1) . Ten patients prisms while performing reaching movements of the initially showed evidence of visuospatial hemineglect, right arm. Postural imbalance was reduced only seven showed signs of sensory extinction, and five showed following prism adaptation to the right. Thus, brief evidence of anosognosia, but these manifestations had adaptation (i.e., 3 min) to rightward-shifting prisms disappeared at the time of testing. In the pre-test, the can dramatically improve postural imbalance. This patient group showed increased surface area (669 Ϯ 384 result shows that the effect of exposure to prisms mm 2 ; a measure of the area of 95% of the confidence that horizontally shift the visual field to the right in ellipse of the distribution of the center of pressure) as a reaching task generalizes to the postural system, compared to normalized data (125 Ϯ 62 mm 2 ; p Ͻ 0.001, and it suggests an interaction between horizontal t test). They also exhibited a shift of mean X (27 Ϯ 16 and vertical reference frames. This also supports mm; averaged position of the center of pressure on the the theory that predominant postural imbalance in lateral axis) to the right side as compared to normalized patients with right-brain damage may be partly data (1 Ϯ 11 mm; p Ͻ 0.001, t test). Mean X in patients related to a distortion of an internal postural map. with previous neglect (26 Ϯ 15 mm) does not appear different as compared to mean X in patients without previ- normalized data (Ϫ29 Ϯ 14 mm; p Ͼ 0.05, t test). In addition to motor or sensory deficits, previous work sug- Table 1 Demographic characteristics and number of left hemiparetic patients presenting with neurological manifestations. Fifteen left hemiparetic patients with radiological (CT scan or MRI) and R, two in group L, one in group N), and five showed evidence of anosogclinical evidence of a unilateral hemispheric lesion entered the study. nosia (three in group R, one in group L, one in group N), but these Patients were divided into three groups of five: group R, L, and N.
manifestations had disappeared at the time of testing. A somatosensory Hemiparesis was secondary to an ischaemic stroke in the acute phase deficit (deep and superficial) was present in 12 cases, and a visual-field of recovery (from 1 to 3 months from onset). All patients were right deficit was present in six cases at the time of testing. * Ability to perform handed. None of the patients had a history of previous cerebrovascular independent movements of the hip, knee, and ankle. † Ability to perform disease, dementia, psychiatric, vestibular, or postural disorders, either some independent joint movements, the other ones being performed in confusion or impaired vigilance. Ten patients initially showed evidence synergy with other joint movements. ‡ All joint movements are performed of visuospatial hemineglect (three in group R, three in group L, and four in synergy with other joints. § Patients were examined for the presence in group N), seven showed evidence of sensory extinction (four in group of unilateral neglect, anosognosia, and apraxia.
Before prism exposure, posturographic evaluation showed that a lesion of the right hemisphere does not impair the ability to adapt to prisms [3, 4, 5] . No pointing bias was that, except for mean Y, the three patient groups were comparable. There was no difference in either the surface observed in group N after the pseudo-adaptation period. area (group effect, F(2,12) ϭ 0.8, p Ͼ 0.05, one-way ANOVA) or the rightward shift of the pressure center
The lateral displacement of the center of pressure observed in the pre-test was significantly reduced specifi-[group effect, F(2,12) ϭ 0.8, p ϭ 0.46] between the three groups before the adaptation period. However, group R cally following adaptation to prisms shifting the visual field to the right (Figure 1 ). There was a significant groupshowed less posterior displacement of the center of pressure in a pre-test (Ϫ14 Ϯ 11 mm) as compared to group condition interaction [F(2,12) ϭ 5.3, p Ͻ 0.05], the center of pressure being shifted between the pre-and post-tests L (Ϫ38 Ϯ 11 mm) and group N (Ϫ39 Ϯ 14 mm) [F(2,12) ϭ 6, p Ͻ 0.05]. While wearing prisms, the patients were only in group R (post-hoc p Ͻ 0.05). No change in the lateral displacement of the center of pressure was evoked asked to perform 50 pointing responses to visual targets presented 10Њ to the right or left of the objective body by prism adaptation when the visual field shifted to the left (in group L) (post-hoc p Ͼ 0.05). These results provide midline. Both the R and L groups demonstrated an appropriate shift in pointing responses after adaptation. That support for a direction-specific effect of prism adaptation on postural disturbances. Exposure to prisms that shift is, the group L showed a pointing shift to the right, while group R showed a pointing shift to the left. This confirms the visual field to the right not only alters the visuomotor Bar graph showing mean X (ϮSE), i.e., lateral displacement of the center of pressure as shown by posturographic evaluation, in each of the patient groups. Posturographic evaluation was performed before (Pre-test) and after (Post-test) the prism adaptation procedure. During adaptation, patients were wearing goggles fitted with prisms that deviated the visual field to the right in group R, to the left in group L, and not at all in group N. While wearing prisms, the patients were asked to perform 50 pointing responses to visual targets presented 10Њ to the right or left of the objective body midline. They could see the target, the second half of their pointing trajectory, and their terminal error. They could not see their hand on its starting position. The total duration of this exposure was about 3 min. Note that mean X was shifted to the right before adaptation in the three patient groups and improved significantly after adaptation in the group R only.
task used during adaptation but, surprisingly, also generalizes to the postural system. This suggests that a transfer of adaptation can be observed between horizontal and vertical reference frames. Prisms shifting the visual field have been used for more than a century as a tool for adapting motor responses to visual-space distortion. For many years, the aftereffect of prism adaptation in normal subjects has been found to show no, or incomplete, generalization across different tasks. For example, adaptation damaged patients [7, 8] . We therefore suggest that the prism adaptation procedure in either group.
effect of prism adaptation on postural control in patients with right-brain damage is not linked to low-level recalibration of visuomotor coordination. Since no change in postural parameters was observed in group N (condition mance on classical neuropsychological tests such as biseceffect F(1,12) ϭ 0.5, p Ͼ 0.05, two-way ANOVA), nonspeting a line bisection, cancelling a line, copying a simple cific arousal effects previously reported in right braindrawing, drawing a daisy from memory, and reading a text damaged patients [9] can also be eliminated as an explana- [3] . So far, the effects of prism adaptation in patients has tion of the current results (Figures 1 and 2) .
been mainly tested on tasks involving only the arm used during the adaptation period. Therefore, these effects could be attributed to plasticity in sensory-motor correRecalibration of disturbed representation of space has been shown with the same prism adaptation procedure.
spondences. However, they may also result from changes occurring at the level of space representation [10] . This Neglect patients improved their ability to indicate their subjective body midline. They also improved their perforidea is supported by the action of prism adaptation on Statokinesimetric measurements recorded the weight supported by three strain gauges for 53 s (5 Hz sampling). Note that the distribution of the center of pressure is shifted to the right before adaptation in the two patients. As we can see in the figure, the shift is quite constant over time. After the prism adaptation procedure, the shift of the lateral displacement of the center of pressure is decreased in the patient of group R. This improvement is constant over time and does not suggest a compensatory tilt of the body.
more cognitive tasks such as mental imagery [5] . It is also suggests that the improvement in postural imbalance, obtained both after vestibular caloric stimulation and prism supported by the effect of prism adaptation in healthy subjects in which a leftward shift can emulate certain adaptation, is probably induced through an updating of internal body maps used for postural regulation [13] [14] [15] . cognitive aspects of neglect (as assessed by perceptual line bisection [landmark test]) [11] . As yet, the relationship This effect is likely to depend on a recalibration of the disturbed space representation resulting from the rightbetween the cognitive representation of space and postural control is unclear. It is important to emphasize, howhemisphere lesion [9] . ever, that the observed improvement of postural balance was direction specific. That is, improvement was only
In conclusion, the results of this preliminary study support seen in the left-right axis, with no changes to surface area the idea that postural control in humans depends both Figure 2 ]. The postural effect of adaptation was prism adaptation can affect high-level space representaobserved specifically along the same axis as the neglect tion. Prism adaptation may favor the recalibration of the improvement described in previous studies (Figure 3; representational distortion of brain-damaged patients and [3, 4, 5] ).
consequently reduce their postural imbalance. These results need to be confirmed on a larger-group scale. Improvement of predominant postural imbalance in the However, the strong effect obtained here in small groups frontal plane in left-hemiparetic patients has already been suggests that prism adaptation has important clinical imreported after caloric vestibular stimulation with cold waplications and may help to develop new approaches for ter in the right ear [12] . As for prism adaptation, the the rehabilitation of postural disturbances. improvement of postural imbalance was specific to the left-right axis after caloric stimulation, with no change
Materials and methods
in either surface area or anterior-posterior displacement.
Statistical analysis
Since the same caloric stimulation has been reported to
To evaluate the severity of postural imbalance in the overall patient group, also improve many aspects of neglect, we can assume that we used a t test to compare pre-test data to normalized data provided by the manufacturer. In order to compare postural imbalance in each it altered high-level spatial representation. This similarity group, we compared pre-test data within the three groups (R, L, and N), with a one-way analysis of variance performed for each of the three parameters (mean X, mean Y, surface).
To evaluate the effect of prism adaptation on postural imbalance in each of the different groups, we performed a two-way analysis of variance for the three parameters (mean X, mean Y, surface). This analysis evaluated the condition (pre-test and post-test) as a within-subjects factor, and the effect of the group (R, L, or N) as a between-subjects factor.
The specific effects of each factor were analyzed with Newmann Keuls post-hoc comparisons. All statistics were performed by the STATISTICA software package (release 4.5, 1993).
